INTRODUCTION
The imidazole moiety is very often encountered in biological systems. The importance of this function is mainly due to its presence in the side chain of the aminoacid histidine, and its role as a metal binding site in metalloenzymes. 1 The relatively small size, and the electronic properties (σ-donor and π-aceptor) make imidazole and its derivatives good ligands for a variety of metal fragments. 2 Whereas the coordination chemistry of imidazoles has been therefore extensively studied, little attention has been paid to the analogy between cationic metal complexes with N-3 alkylimidazole (N-RIm) ligands and N,N'-dialkylimidazolium salts instead. 3 In fact, the former can be regarded as N-metallated analogous of the latter ( Figure 1 ). The deprotonation of a N,N'-dialkylimidazolium salt affords a N-heterocyclic carbene (NHC). 4 Therefore, we focused our attention in the deprotonation of transition metal complexes with Nalkylimidazole ligands, trying to generate, in a similar way, a new type of NHC species with a metal fragment as substituent of one of the imidazole nitrogen atoms. 5 In this research area we have found that the deprotonation of the central C-H group of a coordinated N-alkylimidazole affords very reactive species with reaction outcomes strongly depending on the nature of the imidazole substituent and the ancillary ligands. 6 In particular, for Mo(II) cationic compounds of formula [Mo(η 3 -C 4 H 7 )(bipy)(CO) 2 (N-RIm)]OTf (R= Me, Mes) the addition of a strong base led to imidazol-2-yl complexes resulting from the tautomerization of the heterocycle from N-to Ccoordinated once the deprotonation had occurred. The subsequent addition of electrophilic reagents (HOTf, MeOTf or EtOTf) afforded molybdenum NHC compounds (Scheme 1) by protonation or alkylation of the non-substituted nitrogen. Scheme 1. Synthesis of imidazol-2-yl and NHC complexes from N-alkylimidazole derivatives.
In agreement with the experimental results found for the deprotonation of [Mo(η 3 -C 4 H 7 )(bipy)(CO) 2 (N-RIm]OTf compounds, a DFT study showed that the most favorable reaction mechanism was reminiscent of the one found for [Mn(bipy)(CO) 3 (N-RIm)]OTf compounds, 5b,7 involving an initial attack of the imidazole deprotonated carbon atom onto a cis-CO ligand, to afford in a second step imidazol-2-yl species. Furthermore, these calculations pointed out that the difference in energy between this pathway and the one that would lead to C-C coupling products (analogously to the reactivity pattern found for [Re(bipy)(CO) 3 (N-RIm)] + complexes) is only 3.5 kcal/mol. 7 This result prompted us to investigate the feasibility of inverting the reactivity pattern in {Mo(η 3 -C 4 H 7 )(CO) 2 } complexes, to obtain C-C coupling products.
Herein we report the synthesis and reactivity of [Mo(η 3 -C 4 H 7 )(CO) 2 (N-MeIm)(py-2-CH=N- 
RESULTS AND DISCUSSION
The labile complex [MoCl(η 3 -C 4 H 7 )(CO) 2 (NCMe) 2 ] reacts with the equimolar amounts of 2-pyridylcarboxaldehyde and aniline in THF to afford complex 1a as shown in Scheme 2. Its spectroscopic data in solution, and the full characterization of some of its reaction products, discussed below, show that 1a possesses an iminopyridyl ligand coordinated as bidentate chelate to the {MoCl(η 3 -C 4 H 7 )(CO) 2 } fragment.
Scheme 2. One-pot synthesis of 2-pyridylimino chlorocomplexes 1a-e.
The metal-free reaction of the aldehyde and aniline takes 12 hours in refluxing toluene to reach completion. 8 In contrast, the three-component reaction described above produces 1a in less than one hour at room temperature, indicating that the metal exerts a significant templating effect, as previously noted by others. 9 It has been proposed that the η 2 -(N,O) coordination of the aldehyde activates the carbonyl group towards the condensation (enhancing its electrophilic character) making the reaction more favorable. The employment of 4-methylaniline and 3,5-dimethylaniline afforded, in the same way, complexes 1b and 1c, respectively. In contrast, ortho-substituted anilines (such as 2,4,6-trimethylaniline, or 2,6-diisopropylaniline) precluded the formation of the desired molybdenum iminopyridine derivatives, probably due to the steric hindrance. The new compounds 1a-c were obtained in good yields, as the only products of the reactions, and their spectroscopic data in solution were in agreement with the proposed stoichiometry and geometry showed in Scheme 2, 11 and similar to related pyridylimino compounds of the fragment {MoCl(η 3 -allyl)(CO) 2 }. The addition of a few drops of acetonitrile to a 1: The molecular structure of the cation of compound 4a, determined by X-ray diffraction, 13 is depicted in Figure 3a showing that a tridentate N-donor ligand is now coordinated to the {Mo(η 3 -methallyl)(CO) 2 } fragment in a facial disposition. This tripodal ligand results from the C-C coupling between the central C atom of the imidazole (C2) and the imine C atom of the pyridylimino bidentante ligand (C1). The bond distance C1-C2, of 1.497(8) Å, is typical for a single C-C bond. Therefore, the C1 atom is sp 3 hybridized, the angles around it being consistent
with an approximately tetrahedral geometry (C2-C1-N2 104.0(5)º, C6-C1-N2 110.9(5)º, C2-C1-C6 107.0(5)º). The C1-N2 bond distance is in agreement with a single bond (1.507(8) Å), whereas in the solid state structure of its precursor 2c (determined by X-ray diffraction) this bond length was typical of a double bond (1.283(3) Å) as expected for an imine moiety. The originally imino nitrogen atom (N2) displays in 4a a tetrahedral geometry, which is consistent with the protonation of this atom by the HOTf forming an amino group. The high quality of the results of the structural determination of compound 4a allowed the hydrogen atom on N2 to be refined.
Finally, it is interesting to note that in the solid state structure of the cationic complex of 4a the pyridyl moiety is in trans disposition to the η 3 -methallyl ligand, whereas in the starting compound (2c) the imidazole ligand is occupying this position. This indicates that the C-C coupling reaction is accompanied by a rotation of the trigonal face formed by the three nitrogen ligands, probably in order to minimize the steric hindrance in the resulting product. imidazole CH moieties are observed), and the C-C coupling with the imine N=CH unit (as evidenced by the disappearance of the signal at 9.08 ppm assigned to that group in the 1 H NMR spectrum of 2a). Moreover, the 1 H NMR spectrum of 4a includes a singlet at 5.65 ppm that corresponds to the Csp 3 -H group formed as a consequence of the C-C coupling reaction.
Unfortunately, the signal of the new NH group is not observed, which can be attributed to the acidic character of this hydrogen. The 13 C NMR spectrum of 4a corresponds to an asymmetric complex, showing for example two low intensity signals at 227.7 and 226.8 ppm for the two carbonyl ligands, and a signal at 64.3 ppm assigned to the new Csp 3 atom.
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As we have discussed above, the solid state structure of compound 4a showed that the formation of the tridentate ligand is accompanied by a rotation of the original N-donor ligands.
Accordingly, the 1 H NMR spectra of 4a in CD 2 Cl 2 at variable temperature (from 298 K to 213 K)
showed the existence of a dynamic process. The data are in accordance with a trigonal twist rearrangement (that would involve a rotation of the triangular face formed by the tripodal ligand relative to the face formed by the allyl and the two carbonyl groups), 14 a process that has been frequently found for complexes of the fragment {Mo(η 3 -allyl)(CO) 2 }. 15, 16 The reaction of the related compounds 2b and 2c towards the strong base KN(SiMe 3 ) 2 showed the same reactivity pattern discussed above for 2a, but for these species the neutral derivatives, bond formation. Unfortunately, the stability of complexes 3b and 3c was not enough to obtain the 13 C NMR spectra, as they decomposed after several hours in CD 2 Cl 2 solution into a mixture of unidentified products.
The reaction of 3b or 3c intermediates with a slight excess of HOTf led to the formation of the cationic protonated products 4b or 4c respectively (Scheme 4). The stability of the protonated products is considerably higher than that of the neutral species, which can be attributed to the presence of a highly reactive amido group 17 in 3b or 3c that, upon protonation, is transformed into a more stable amine moiety in 4b or 4c. The spectroscopic data of the new compounds are analogous to those of 4a, and the solid state X-ray diffraction structures were determined for both compounds. In Figure 3b is depicted the molecular structure of the cation of 4b, 18 showing the formation of the C-C coupling product. The central carbon atom of the N-MeIm moiety (C2) is therefore bonded to the imine carbon (C1), and the resulting tridentate ligand occupies one face of the octahedral coordination sphere of the molybdenum atom. The other face is occupied by the two CO ligands and the η 3 -methallyl moiety. 14 As discussed for compound 4a, the formation of the tridentate ligand implies a rotation of the N-donor ligands so that the 2-pyridyl group, and not the 2-imidazolyl, is trans to the methallyl ligand in 4b.
After numerous attempts, only poor quality crystals were obtained for compound 4c. The X-ray structure, although of low quality, 19 clearly shows that the connectivity of the molecule is analogous to those described previously for compounds 4a and 4b.
The 1 H NMR spectra of the crude of all the protonated compounds 4a-c show the existence of two sets of signals attributed to the presence of two different diastereomers. The diastereomer that could be crystallyzed in each case was found to be the more abundant (for example in the case of the formation of 4b the ratio of diasteromers is of 3.85). The existence of diasteromers is due to the presence of three stereocenters: the metal, the carbon atom that is the site of the nucleophilic attack and the N atom that is protonated. As the stereochemistry of the metal and the C atom are prefixed by the geometry of the starting compounds, it is the final protonation step that leads to the formation of two diasteromers (each a pair of enantiomers Finally, to test the generality of the reactivity pattern previously described, we extended our study to alkyl-(instead of aryl-) amines in the Schiff condensation reaction. As a result, the pyridylimino bidentate ligands would be more electron rich, and therefore the nucleophilic attack onto the N=CH group of the imidazol-2-yl ligand would be less favorable.
OTf (R= iPr, 2d; tBu, 2e) were prepared from the corresponding chloroderivatives (1d and 1e) as described for compounds 2a-c (see Scheme 3). 11 The addition of the equimolar amount of KN(SiMe 3 ) 2 to a previously cooled THF solutions of 2d or 2e, afforded immediately the formation of neutral species resulting, presumably, from the deprotonation of the central CH group of the imidazole ligand. The subsequent addition of the electrophilic reagent HOTf led to more stable metal complexes, 21 4d
and 4e respectively that were isolated and purified by crystallization. The more characteristic features of the NMR ( 1 H and 13 C) spectra of the new compounds are analogous to the pyridyliminoaryl compounds discussed above, and clearly indicate that (i) the strong base has deprotonated the central CH group of the N-methylimidazole ligand, and (ii) the generated nucleophile attacked the imine carbon atom to form a C-C bond, resulting in the formation of a nitrogen-donor tridentate ligand. 22 The solid state structures were determined by X-ray diffraction ( Figure 4 ) and are in agreement with the structures proposed from the spectroscopic data in solution. To confirm that the C-C coupling reaction described in the present work proceeds trough an intramolecular nucleophilic attack, a crossover experiment was conducted employing two complexes with different imines (iso-propyl vs. para-tolyl) and different N-alkylimidazole ligands (methyl vs. ethyl). The results showed that the only products obtained were those that resulted from an intramolecular reaction, the cross-coupled products not being observed.
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DFT Computations
The deprotonation . Specifically, we first studied in detail the reaction mechanism for the Mo complex with R'=C 6 H 3 -3,5-Me 2 (2c in Scheme 4). Next, we analyzed the influence of replacing this aryl group by tBu (2e in Scheme 4) on the nature of the product.
As in previous studies, 6c,6d,7 the deprotonated form of 2c has been taken as the starting critical structure (I in Figures 5 and 6 ). The relative orientation of the ligands around the molybdenum center in I is analogous to that found in 2c. Nonetheless, we also found an isomer of I ( Gibbs energy in THF solution more stable than I and no TS was found for such an isomerization.
As a consequence, hereafter, unless otherwise stated, Gibbs energies in THF solution will be referred to I. First, we evaluated the generation of an imidazol-2-yl species. As previously found for related complexes, [7] this compound can be generated through two ways (see Figure 5 ). I can directly transform into the imidazol-2-yl product II (-15.3 kcal/mol) via the TS TSIIa (12.7 kcal/mol) in which C imidazole and the initially coordinated nitrogen atom interact simultaneously with the molybdenum center. Alternatively, II can be achieved through the attack of C imidazole onto each of the carbonyl ligands via a two-step pathway in both cases. The attack on the carbonyl ligand trans to the pyridyl group of the chelate ligand is found to be more favorable than the other, therefore, we only describe here that one for brevity (see the Supporting Information for the other carbonyl attack). The first step of this mechanism involves an energy jump of 9.1 kcal/mol controlled by the TS TSIIb11 to afford the intermediate IIb1 (-1.3 kcal/mol). In the second step, IIb1 evolves into II via the TS TSIIb12 (7.5 kcal/mol). As in related Mo and Re complexes, 7 the two-step mechanism is the one most favorable.
Next, we analyzed the formation of different C-C coupling species between C imidazole and the pyridylimine ligand (see Figure 6 ). The attack of C imidazole on the two ortho carbon atoms of the pyridine ring and the C imine atom were studied (C1, C2, and C3, respectively in Figure 6 ). The formation of C-C coupling products between C imidazole and the ipso carbon atom and the ortho carbon atoms of the aryl ring (C5, C4, and C6, respectively in Figure 6 ), was also considered but, as expected, they are notably less stable than those mentioned above (see the Supporting Information). As shown in Figure 6 , the formation of the C imidazole -C1 and C imidazole -C2 coupling products (III, -6.8 kcal/mol, and IV, -2.0 kcal/mol, respectively) requires the surmounting of energy barriers of 11.8 (TSIII) and 8.9 (TSIV) kcal/mol, respectively. A NBO analysis of I reveals that C2 (0.17 e) has a larger positive atomic charge than C1 (0.06 e), which makes it more susceptible to a nucleophilic attack, and, consequently, TSIV is lower in energy than TSIII. The attack on the C imine atom leads to the formation of a very stable C imidazole -C imine coupling species (Va in Figure 6 , -26.4 kcal/mol). Unlike in the generation of III and IV, no TS was found for the formation of Va after an extensive search. This can be ascribed to the high reactivity of C imine due to its electrophilic character (atomic charge of 0.16 e at I) combined with its ability to delocalize electron density towards the originally imine nitrogen atom, which in the C-C coupling product is part of an amido ligand.
Taking into account the previous discussion, we conclude that the generation of an imidazol-2-yl product (II) and of the C imidazole -C1 (III) and C imidazole -C2 (IV) coupling products is kinetically accessible as they show energy barriers of 9.1, 11.8, and 8.9 kcal/mol, respectively. However, the evolution of I to the C imidazole -C imine coupling product (Va) is even much more favorable due to the kcal/mol more stable than Va and Vc, respectively. The protonation of these three stable conformers leads to the appearance of two diastereomers per deprotonated species, identified as
VxH with x = a, b, c. As seen in Table 1 , a diastereomer from Vc, (RS)-VcH, becomes slightly the most stable species. This isomer is also the one found in the solid state structure of 4c, in which the pyridine ligand is trans to the methallyl group, and of the analogous complexes 4a and 4b. Table 1 . Relative Gibbs energy, in kcal/mol, of the different diastereomers of the protonated C imidazole -C imine coupling products obtained from the deprotonation of 2c and 2e at the CPCM-
for Mo) level of theory. The most stable diastereomer in conformation a is taken as a reference in both cases.
24
Conformation x=a Conformation x=b Conformation x=c
On the basis of the results discussed above, it is also possible to rationalize the product obtained for the deprotonation of the tBu-imine Mo complex (2e in Scheme 4). To that end, we focused our attention on the interconversion among the conformers analogous to Va, Vb, and Vc wherein the aryl group is replaced by tBu (denoted as V'a, V'b, and V'c, respectively). As seen in Figure   S3 , Table 1 ). C coupling product is undoubtedly the most favorable way of evolution of the deprotonated species, both kinetically (no TS was found for such molecular rearrangement) and thermodynamically (Va is 16.9 kcal/mol more stable than the 2-imidazolyl structure II). In that 26 respect, the electrophilicity of the imine C atom along with its ability to delocalize electron density toward nitrogen are crucial.
CONCLUSIONS

EXPERIMENTAL SECTION
General: All manipulations were carried out under a nitrogen atmosphere using Schlenk techniques. Solvents were distilled from Na (toluene and hexanes), Na/benzophenone (THF) and 153.6, 152.3, 148.7, 139.9, 138.8, 130.4, 129.3, 127.5, 122.4 (py- (35 mg, 0.136 mmol) and MeCN (3 mL) were added and the mixture was stirred in the dark for 1 h. The resulting slurry was filtered off the white solid (AgCl) and the solvent was evaporated to dryness. The granate residue was redissolved in CH 2 Cl 2 (20 mL), N-MeIm (10 µL, 0.125 mmol) was added and the reaction mixture was allowed to stir for 1h. The solvent was concentrated under reduced pressure to a volume of 7-10 mL and addition of hexane (15 mL) caused the precipitation of a dark red solid, which was washed with hexane (2 × 20 mL) and dried under vacuum. Yield: 63 mg (87 % 8, 152.4, 147.3, 141.1, 140.6, 139.9, 132.0, 130.9, 128.9, 122.9, 122.7 (py- H 4.53, N 9.33. Found: C 41.81, H 4.87, N 9.02 . 
